We selected ICD-10 codes indicating conditions that might be directly or indirectly related to exposure to high environmental temperature based on: (1) knowledge of the direct physiologic effects of exposure to high environmental temperature and the downstream consequences of these physiologic effects on the body; and (2) the results of extensive prior work of others on temperature-mortality relationships.
Direct Exposure to Environmental Heat
In the human, exposure to high environmental heat is often accompanied by exposure to the sun. Thus, the first set of ICD-10 codes are for conditions that include the terms "sunburn", "sun exposure", and/or "ultraviolet light". These were located by doing a text search of the online version of the ICD-10. The second set of ICD-10 codes identified as being due to the direct effect of heat are those that include the term "heat." These were also located by doing a text search of the online version of the ICD-10.
Dehydration
In the human, exposure to high environmental heat is accompanied by sweating and fluid loss. The consequence of fluid loss is dehydration, which is followed by volume depletion and hypovolemia. ICD-10 codes that included the term "dehydration" were identified by doing a text search of the online version of the ICD-10.
Possible Consequences of Heat and Dehydration
In the human, exposure to high environmental heat is accompanied by sweating and fluid loss. The consequence of fluid loss is dehydration, which is followed by volume depletion and hypovolemia. Supplemental Figure S1 is a graphical depiction of the model that explains our approach to selecting codes considered likely to be due to the physiologic and pathophysiologic consequences of heat and dehydration/volume depletion/hypovolemia. Volume depletion and hypovolemia can cause hypotension. Hypotension can lead to shock, coma and sudden death. Dehydration/volume depletion/hypovolemia can lead to the formation of kidney stones and thus to renal colic.
Hypovolemia can lead to hemoconcentration and cause disturbances in serum electrolytes (sodium-hypernatremia-and potassium-hyperkalemia) and osmolality (hyperosmolality). The disturbances of serum electrolytes can lead to arrythymias, coma, and sudden death.
Hypovolemia can lead to acute renal failure.
Thirst is a physiologic response to dehydration. When water is consumed in response to thirst without adequate electrolytes, the consequence can be disturbances in serum electrolytes (sodiumhyponatremia-and potassium-hypokalemia) and osmolality (hypo-osmolality).
Disturbances in serum electrolytes can lead to arrythymias, coma, and sudden death. One consequence of heat and dehydration is hyperthermia, which can directly cause arrhythmias, and can lead to shock, coma, and sudden death. Hyperthermia also can lead to fever and then febrile convulsions. Hyperthermia may cause disseminated intravascular coagulation (DIC).
A number of the consequences of heat and dehydration (e.g., hypotension) can cause malaise and fatigue.
Malaise and fatigue are also symptoms of hyperthermia and also of hypovolemia. "Dizziness and giddiness" is a condition with a specific ICD-10 code that has been identified in other studies as having a relationship to ED visits and hospitalization during heat waves.
We selected the ICD-10 codes that corresponded to the other named conditions that are a consequence of heat and dehydration by reading the ICD-10 code book and using information in the publications of others.
Cardiac Disease/Stroke
Studies of excess mortality and morbidity in heat waves consistently find an association with atherosclerotic heart disease and stroke. The description of the physiologic and pathophysiologic consequences of heat and dehydration provide ample explanation for an effect of heat on mortality and morbidity due to atherosclerotic heart disease and stroke. Hypotension, hemoconcentration, and electrolyte disorders would all be expected to exacerbate the severity of underlying vascular disease and/or lead to coronary or cerebral thrombosis.
We selected the set of ICD-10 codes for atherosclerotic vascular disease that have been used by other researchers noting that the link between hemorrhagic stroke (including subarachnoid hemorrhage) and heat/dehydration and its consequences seems tenuous.
Chronic Renal Failure
Chronic renal failure is associated with a multiplicity of underlying abnormalities of fluid and electrolyte metabolism. Many people with chronic renal failure are being dialyzed. An effect of heat and dehydration and their consequences in exacerbating the severity of chronic renal failure and even perhaps causing death in a person with chronic renal failure has high biologic plausibility. We selected all of the ICD-10 codes for chronic renal failure.
Heart Failure
Heart failure is associated with a multiplicity of underlying abnormalities in handling fluids. People with heart failure are at increased risk of atrial fibrillation and are vulnerable to other cardiac arrhythmias. They are also at increased risk of stroke. An effect of heat and dehydration and their consequences in exacerbating the severity of heart failure or causing death in a person with heart failure has high biologic plausibility.
We selected the ICD-10 codes for heart failure for this category. We also selected the ICD-10 codes for unspecified cardiovascular disease, other and ill-defined heart disease and unspecified heart disease for this category based on the belief that many people who have these non-specific codes listed as a cause of death would have heart failure.
Chronic Obstructive Pulmonary Disease (COPD)/Asthma

Other Respiratory Diseases
Some prior research on deaths and hospitalizations in the context of extreme heat has found strong associations with respiratory illnesses. Following Semenza et al. [1] and Schwartz [2] , we examined chronic obstructive pulmonary disease (COPD) and asthma separately from infections, influenza, and other respiratory diseases. Other respiratory diseases principally affecting the interstitium J85-J86
Suppurative and necrotic conditions of lower respiratory tract J90-J94
Other diseases of pleura J95-J99
Other diseases of the respiratory system a International Classification of Diseases, 10th Revision. b We searched the database for selected keyword terms entered as free text in any of the four underlying cause-of-death fields in Part I of the death certificate. Cases with keywords were included in one of the first three categories of death (i.e., direct exposure to environmental heat, dehydration, or possible consequences of heat and dehydration). Cases with keywords associated with more than one of these categories were assigned to the category most directly associated with heat; i.e., a case with a keyword from direct exposure to environmental heat and a keyword from possible consequences of heat and dehydration, was assigned to the first category. Figure S1 . Approach to selection of ICD-10 codes for conditions that are likely due to physiologic and pathophysiologic consequences of heat and dehydration.
Malaise and Fatigue Dizziness
Syncope and Collapse 
